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8 A Comparative 
Study of Food Intake 
in Five Nocturnal Prosimians 
in Simulated 
Climatic Conditions 
A. PETTER-ROUSSEAUX and C. M. HLADIK 
INTRODUCTION 
The Morondava Programme has been developed to elucidate problems 
of adaptation concerning five nocturnal prosimian species living sym-
patrically in the dry forest of the West Coast of Madagascar (Petter, 1978; 
Chapter 2). Research at the laboratory of Brunoy was undertaken to sup-
plement the field studies with accurate measures of certain parameters in 
standard conditions , in order to understand the mechanisms and processes 
of regulation of species adaptation. The success of the breeding colony 
allowed data collection on a long-term basis, concerning the five species: 
Microcebus murinus, Microcebus coquereli, Cheirogaleus medius, Phaner 
furcijer, and Lepi/emur ruficaudatus. During 3 consecutive years, body 
weight, body temperature, locomotor activity, and sexual activity were 
continually observed (Chapter 6). The annual variation in the circadian 
rhythm of the different species has been analyzed and compared over a 
period of 2 years (Chapter 7) . 
In the present study, we attempted to define the overall dietary tenden-
cies of each species by adopting standard methods of comparison of food 
choices . In natural conditions, these tendencies are expressed against a 
highly variable background of the forest cycles of phenology and produc-
tion (Chapter 1) and are thus difficult to quantify. The present study in ar-
tificial conditions was necessary to determine whether species manifest 
characteristic food choices, and to what extent dietary choices vary 
throughout the year, independent of variations in food availability. 
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METHODS 
The animals were maintained in large cages constructed of glass and wire 
mesh, described in Chapter 6, and grouped according to intraspecific 
tolerance: five Microcebus murinus, three Microcebus coquereli, two 
Cheirogaleus medius, three Phaner jurcijer, and two Lepilemur rujicau-
datus in each of the cages. 
The climatic conditions in the animal house (see Chapter 6) approx-
imated those which had been recorded in the Marosalaza forest, West 
Coast of Madagascar (see Chapter 1), with a 6-month difference. Accord-
ingly, the summer months in France (June, July, August) corresponded to 
austral summer in Madagascar (December, January, February). 
Food intake was recorded over a period of 2 years according to the 
following procedure: A set of standard foods including salad and other 
leaves, different fruits, meal worms and other insects, and a protein-rich 
food [a cake of semolina and animal protein described by Hladik (1978a) as 
the G3 Lemur cake, or in some instances a mixture of milk and cooked 
cereals] was provided in each of the cages, daily, before the period of ar-
tificial night. On weekends a quantity of food sufficient for 2 days was 
given. Water was always available in each cage. 
The different components of these "sets of foods" were separately 
weighed, as well as a control set. This control set served as a reference for 
food dessication, and was placed in the animal house adjacent to the cages. 
Before daily feedings, all food remaiping from the previous day in the dif-
ferent cages was carefully collected and weighed. The control set of food 
allowed calculation of the loss of water of the different components. From 
this data, the exact fresh weight ingested by the animals in the different 
cages could be calculated. 
Samples of the different foods were separately collected and dried in an 
electric oven at 60°C, to allow further biochemical analysis. 
During the 2-year period of experimentation the same set of food was 
provided (whenever possible) in each of the cages, and always slightly in ex-
cess of the actual amount ingested, in order to allow each species to 
manifest its particular choice. Nevertheless, there were some variations 
depending on the fruits available seasonally, and the insect supply was not 
sufficient to provide each cage at regular intervals. In addition, during cer-
tain periods of the year, the G3 Lemur cake could not be maintained in ex-
cess of consumption. Accordingly, the comparisons were mainly based on 
the gross categories of food constantly available, which represent fairly 
homogeneous groups in terms of biochemical composition. 
The variations in food supply which could not be avoided were taken 
into consideration for the interpretation of the results. 
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RESULTS 
The annual food consumption of the different pros1m1an species has 
been calculated in terms of fresh weight, and the percentages of consump-
tion of different food categories are shown in Table I. These results present 
slight differences with previously published data (Hladik, 1978b) which in-
cluded only a !-year sample of the same study case. 
If the major interspecific differences are obvious (for instance, 
Lepilemur feeding on leaves versus other nonleaf eating species), some 
other distinctions are more subtle (for instance, the relative proportions of 
banana and other fruit types eaten by the different species of Cheirog-
aleinae) and need further analysis in order to demonstrate that they reflect 
specific behavioral patterns. 
The resulting annual mean composition of the diet of the different 
species is shown in Table II, in terms of percentage of dry weight in protein 
and fat. Calculations have been done from standard tables complemented 
by the results of analysis of our samples (especially the G3 Lemur cake; see 
Hladik, 1978b). No valid comparisons for carbohydrates can be made since 
these values are generally given by subtraction from the total sample after 
protein and fat analysis. In fact, considering the marked differences in 
food choices between foods rich in fiber (leaves), containing large amounts 
of soluble sugars (apples and pears), or highly concentrated in sugar and 
TABLE I 
Percentage of the Actual Intake of Different Food Categories in Five Prosimian Species, Ac-
cording to Individual Food Choices from a Standard Set of Foods, over a Period of 2 Years 
Percentage of fresh weight ingested (annual mean) 
Leaves Apples 
(salad and and Protein cake 
Species others) pears Banana (03) and others 
Cheirogaleus 
medius 0 22 50 27 
Microcebus 
murinus 0 9 42 49 
Microcebus 
coquereli 0 23 42 35 
Phaner 
jurcifer 0 13 43 44 
Lepilemur 
rujicaudatus 51 31 0 18 
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TABLE II 
Composition of the Actual Diet of Five Prosimi;m Species, Ac-
cording to Individual Food Choices from a Standard Set of 
Foods 
Percentage of dry weight (annual mean) 
Species Protein Fat 
Cheirogaleus 
medius 
Microcebus 
9.2 6.7 
murinus 
Microcebus 
11.6 8.0 
coquere/i 9. 7 6.5 Phaner 
f urcifer 10.7 7.4 L epilemur 
rujicaudatus 12.8 7.2 
starch (bananas), a species difference in food composition is likely to be 
more important for carbohydrates than for other nutrients shown in Table 
II. In the absence of complete data allowing comparison of the car-
bohydrate samples, the gross categories of food have been used to indicate 
specific patterns of food choice. It is noticeable, however, that Cheirog-
aleus medius had the lowest rate of protein and fat intake as a result of a 
tendency to feed on carbohydrate-rich foods (banana), while the Lepilemur 
species which normally can survive on a very poor diet (Hladik and 
Charles-Dominique, 1974) presented the highest rate of protein intake dur-
ing this experiment. 
In order to understand the relationships with different physiological 
cycles observed (Chapter 6) and the meaning of interspecific differences, 
variations throughout the year of the actual food intake of the different 
prosimians must be considered. Data presented in Table III have been 
grouped in four successive "seasons." The actual limits of these seasons 
were chosen according to the results of the study of specific activity pat-
terns (Chapter 7), at the times where major changes occurred. The records 
of food consumption during these different periods , obtained in different 
cages, concerned groups of several animals of a given species. To allow in-
terspecific comparison, the mean value of food intake (fresh weight) per 
week per 100 grams of body weight have been calculated. 
Since many parameters vary simultaneously (intake of various food 
categories by each species, during different seasons), the multivariable 
analysis according to the method of Benzecri (1965) (analysis of cor-
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These values are: 
70 instead of values marked with + in Table III. 
85 instead of values marked with + + in Table III. 
99 instead of values marked with + + + in Table III. 
The specificity of dietary patterns is illustrated in Fig. 1 in which the first 
axis (1) emphasizes the obvious difference between Lepilemur ruficaudatus 
and all other species. The second axis (2) showing differences of lesser im-
portance in this type of analysis, separates Cheirogaleus medius, the two 
Microcebus species, and Phaner furcifer, but emphasizes that the feeding 
behavior of Microcebus murinus and Microcebus coquereli are closely 
related in these experimental conditions. The location of the different com-
binations season/food type illustrates their respective importance in 
separating the specific feeding patterns. 
The relative importance of seasonal variations in these dietary patterns is 
shown in Fig. 2. During spring and, to some extent during summer, there 
are marked variations in food intake, translated by dispersion along the 
first axis (1). Differences between autumn and winter are relatively small as 
shown along the second axis (2). These variations are not only concerned 
with the total volume of food intake, but also by qualitative changes il-
lustrated in this diagram by the different combinations species/food type. 
Seasonal variations, marked in Cheirogaleus medius, Microcebus murinus 
and Phaner furcifer, are of lesser importance in Microcebus coquereli and 
Lepilemur ruficaudatus. 
DISCUSSION 
Seasonal variations in body weight and activity of the different prosi-
mian species have been shown to follow the patterns observed in the field, 
and are mainly synchronized by photoperiodic variations (Chapter 6). 
Variations in the actual quantity and composition of food eaten by these 
prosimians also follow the same type of annual cycles, but specific tenden-
cies have strongly affected the overall results. In natural conditions the in-
terspecific differences, in terms of diet, have been interpreted as "adaptive 
strategies" to different ecological niches (Chapter 2), maintained by par-
ticular behavioral patterns which increase the efficiency to obtain 
"specialized" food resources at different locations in the forest and at dif-
ferent times of the year. In the standard conditions of the present experi-
ment, the maintenance of specific food choices reflects physiological 
mechanisms which might be the basic support of the behavioral patterns 
observed in the field. 
The interspecific differences illustrated in Fig. 1 (relative "distance" be-
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tween species) are essentially a qualitative aspect of the combination of dif-
ferent paramete_rs simultaneously considered in this type of analysis . In 
order to deter~me to what extent differences are significant (especially in 
the case of s~ec1es relative_ly similar in terms of food choices), the Student t 
~est was apphed . All possible pairs of species were compared for monthly 
mtake of e~ch food type and foo_d component (per 100 gm of body weight). 
If we designate_ m?nthly !ood mtake of each species as x andy, the mean 
and standard dev1atwn as x and ji, Sx and SY, respectively for n , number of 
m~nths x, ~n~ n2 number of months y, then for the hypothesis that the two 
senes are similar: 
[ 
n , n2 ]V. 
t = (x - .Y> -:-------:--------- 2 
(n, + n2) [(n , - 1) Sx2 + (n 2 - 1) S2 / + 2] y n , n2 -
_A_ccording to the number of degrees of freedom, the probability of ob-
tammg the t val~es actually calculated is extremely low in most cases 
(p < 0.01): especially when the intake of "gross food categories" are com-
pared. This demonstrates that a definite pattern of food intake 
characterizes each species. 
C:omp~rison~ . ~f the overall food composition resulting from food 
ch01~es m artificial conditions yielded a significant difference between 
Che~ro_galeu~ medius and Mic~oce?us murinus for protein intake (p = 0.02). 
A si.milar ~1fference also eXIsts m the natural diet because the smaller 
~pec1es,_ Mzcr~~ebus murinus, can obtain a relatively larger proportion of 
msects m _addition to the _fruits which are available in large quantity (Chap-
ter 2). This ?urely ecological mechanism is thus maintained and may be ac-
centuated either by a taste specificity or a particular digestive adaptation . 
Furthermore, the seasonal variation of the digestive ability of c. medius 
may follow the _natural seasonal pattern of food availability: nectars of dif-
ferent flowers m November; an increase in available protein (insects) in 
Ja?uary~February; and an abundance of fruits in March/ April, before the 
ammal hibernates. These seasonal changes in digestive ability of c. medius 
were sugg~sted by Sc~illing (Chapter 9) who found an increased efficiency 
~f absorptiOn precedmg the rest period . However, the variations of quan-
tity ~nd composition ~f the nat~ral foods may also play a complementary 
role m th~ full expression ~f ~anou~ ~hysiological cycles which are initially 
synchr_omzed by photopenod1c vanatwns (see discussion in Chapter 6). 
Dunng t~e annual cycle, the percentage of protein intake in the total diet 
of C. r:zedzus an~ '!'f· coquereli varied from 6 to 13, and from 7 to 15, 
respectively. A Similar pattern of annual variation was suggested by the 
data. of Andriantsiferana and Rahandraha (1973) who found that M . 
murmus ate less animal matter during austral summer and spring. In our 
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study, the minimum protein intake occurred at the time of fattening, when 
the animals ate large amounts of fruit. However, there was a 2-month dif-
ference between C. medius (May/June) and M. murinus (July! August), 
corresponding to the 2-month difference in the respective times of lethargy. 
The comparison of the diets of other species in terms of protein and fat 
content yielded less significant differences (for instance, when comparing 
Microcebus murinus and M. coquereli, p < 0.1), or were not significant in 
other cases . 
In contrast, the food choices recorded in terms of "gross food 
categories" permitted definition of particular food patterns for all species, 
and reflected the preferences for soluble sugars and other types of car-
bohydrates, which have been discussed in the preceding section. In these 
cases, the t test demonstrates interspecific differences (which appear on 
Fig. 1), as well as the constancy in the respective choices of different fruit 
types in M. murinus and M. coquereli (p < 0.01). The tendency of M. co-
quereli to feed on the pulp of juicy fruits may reflect the propensity of this 
species to seek different natural sweet secretions and exudates (see 
Chapter 4). 
In Phaner furcijer, a partly similar tendency was found in autumn/ 
winter (Table III) . Interpretation of this food choice is more delicate in this 
case, since the gum on which the species feed in nature (Chapter 3) was 
totally absent in captivity, and no type of carbohydrate among those pro-
vided was of similar composition. Nevertheless, the slight seasonal change 
in diet accompanied by a slight variation in body weight and activity 
(Chapter 6) may also reflect a periodical change in dietary physiology at the 
time normally requiring maximum specialization (on gums) in natural con-
ditions. 
The same remarks also apply to Lepilemur ruficaudatus in which the 
tendency to eat more fruit was accentuated in spring, while the maximum 
intake of leaves was in autumn. In field conditions, this would occur at the 
time of leaf flushing of most species. Young leaves have a maximum pro-
tein content (Hladik, 1978a) which explains the apparently surprising result 
for Lepilemur, in which the diet includes more protein than that of other 
species. 
The mechanisms of these seasonal variations and specific patterns of 
food choices are still hypothetical. It was suggested (Hladik et a/., 1971; 
Hladik, 1977) that the relative balance between long-term conditioning to 
food intake (after absorption of nutrients) and the immediate response 
(taste and motivation) would result in different patterns of food choices. 
This hypothesis may be sufficient to explain why some folivorous primates 
feed on the most common and least nutritious plants, whereas other sym-
patric primate species feed on a variety of richer foods (leaf flush and 
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